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Abstract 
The thermal performance of a building is a major requirement to have a comfortable interior climate. 
Current standards of construction advice to make an open thermosyphon system into the roof under the 
tiles. This reduces the cost of the cooling energy in hot areas.
For that a good design of these systems allows to maximize natural ventilation and to minimize the 
fraction of solar energy absorbed by the building. To evaluate the effectiveness of the air channel, a 
numerical model representing the natural convection in the thermosyphon was developed. Distributions of 
velocity, temperature and mass flow induced are determined. The results obtained are in good agreement 
with the theoretical ones. 
The objective of this work is to determine the optimal mass flow for a better ventilation of a roof cavity. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Several engineering applications are based on the heat transfer by natural convection. Examples of 
applications that make use of thermal buoyancy for solar heating and natural ventilation of buildings are 
electronic circuits, trombe wall, solar chimney,…etc. A Design of some structures facilitates evacuation 
of the heated air and humidity from the buildings rooms.  
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The passive systems called thermosyphons attached to existing rooms in a building are the most common 
examples for ventilation applications; the main driving force for airflow in the structures is buoyancy 
along storage wall due to the induced temperature differences by solar heating [1]. 
The roof of most buildings located in some regions can be exposed to a direct sun-ray during the summer 
season. Double–skin roof is known as a very effective way to reduce heat transfers from roof to the 
ceiling of building, on the other hand, it is very effective in blocking the radiation heat transfer between 
roof and ceiling. Double skin structure is actually adopted by domestic construction industries [2]. 
The exterior skin of the structures is traditionally made of glass to allow solar heat and light transmission 
while the interior wall is either a thermal storage wall for a trombe wall or solar chimney. 
 
In the literature, various experimental and numerical investigations have been carried out to study the 
buoyancy-driven flow and natural convection heat transfer that occur inside cavities of different 
configurations. 
 
Several studies have been carried out for heat transfer through ventilation cavities mostly for 
asymmetrical flow with only one wall heated [3] or symmetrical flow with both walls equally heated [4]. 
Nguyen et al., [5] measured the wall temperature along an asymmetrically heated vertical channel for a 
range of aspect ratios and different percentage heat distribution ratios between the cold and the hot wall.  
Various numerical investigations using CFD were carried out for turbulent buoyancy flow in 
asymmetrically heated vertical channels of different aspect ratios using the standard k  turbulence 
model [6] and a low Reynolds number turbulence model [7]. 
 
Studies of thermosyphon systems were mainly to optimize the aspect ratio of the cavity for a maximum 
air flow induced. Other studies were carried out to propose correlations between the mass flow rate as a 
function of dimensionless parameters [1]. 
 
In this work, the studied system is a thermosyphon located under the tiles. 
The solar radiation increases the tiles temperature which heats up the air in the ventilated cavity which 
induces the upward airflow circulation. This cavity must be designed to protect the roof wood structure 
and to prevent the overheating of the tiles by solar radiation, it evacuates the heated air from the roof 
system by the mean of passive ventilation. 
The main objective of this first study is to validate our model by using existing results and to have a clear 
idea of what is happening in this system. Once our model is validating, we proceed to the study of 
complex systems. 
 
2. Mathematical model 
For the steady flow, turbulent, incompressible and bidimensional, the equations of continuity, movement 
quantity and energy can be written: 
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The viscous dissipation is negligible. As the flow in the channel is turbulent, the k  turbulence model 
was chosen. 
The equations above are solved for the air flow in the tilted thermosyphon using the Boussinesq 
approximation. 
In this case, the non dimensional parameter that describes the natural convective flow in the channel is the 
Nusselt number which is function of the Rayleigh number Ra , the Prandtl number Pr , the aspect ratio 
H which is the plate thickness over the length, and the angle of inclination of the cavity . 
The fluid used is the air. The Nusselt number based on the thermosyphon thickness e  is represented in 
the form of: 
 
),,( HRafNu          (6) 
 
The Rayleigh Ra was defined as: 
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g  is the gravitational acceleration,  is the volumetric thermal expansion, coefficient ,  is the 
kinematic viscosity, wT is the temperature of the wall, aT  is the ambient temperature and Pr  is the 
Prandtl number. 
 
The flow regime in the thermosyphon is determined by using the Rayleigh number Ra . For large 
Rayleigh numbers, the flow becomes turbulent.  
2.1. Boundary conditions  
The studied geometry is a tilted cavity. This geometry is presented in figure 1. 
The dimensions of the cavity vary according to the studied case.  
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Fig. 1. Studied geometry 
The above equations depend on the boundary conditions. 
The pressure is set equal to ambient pressure at the inlet and the outlet sections of the cavity, and the inlet 
temperature is set equal to ambient temperature. For the upper and lower walls, the speed satisfies the no-
slip condition and the temperature was taken as constant according to N. Chami et al, [1]. Adequate mesh 
size was chosen for the different treated cases to take account of the independence test on the velocity 
profiles. 
3. Results and discussion 
Air flow and heat transfer in the cavity are studied numerically by using Fluent package which is a 
commercial computational fluid dynamics (CFD) software.
The numerical model was used to study a thermosyphon system in building roof in stationary mode.  
Several cases are treated according to the chosen dimensions, the roof slope and the cavity width. Two 
cases were reported in this first study. The two cases simulated are described in table 1. 
Table 1. Cases treated 
Case Angle (°) Tch (K) Tfr (K) Ta (K) L (m) c (m) 
1 30 313.0 297.0 288 1 2 
2 30 303.1 295.0 288 1 3 
The hot and the cold temperatures are imposed according to N. Chami et al., [1]. 
The results are presented and discussed in the following section. 
The results convergence is strongly related to the grid, a choice of the finest grid is necessary, however 
the computing time depends on the number of selected nodes. A solution is to take a grid tightened near 
the walls and slightly evolutionary to the centre of the cavity. 
To see the effect of the grid on the results, two grids were selected for each configuration, the grid does 
not influence the results obtained. 
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Temperature and air velocity profiles on several sections of the channel for the two cases, were presented 
in Table 2. 
Table 2. Velocity and temperature profiles on several channel cross-section 
Case 1 
Velocity profile at the channel entry Velocity profile at the middle of the 
channel
Velocity profile at the channel exit
Variation of the mean velocity Temperature profile at the channel 
entry
Temperature profile at the middle of 
the channel
Temperature profile at the channel exit Variation of the temperature Variation of the velocity near the 
channel entry
Case 2 
Velocity profile at the channel entry Velocity profile at the middle of the 
channel
Velocity profile at the channel exit
 D. Ababsa and S. Bougoul /  Energy Procedia  18 ( 2012 )  974 – 982 979
Variation of the mean velocity Temperature profile at the channel 
entry
Temperature profile at the middle of 
the channel
Temperature profile at the channel exit Variation of the temperature
The profile of temperature along the channel is due to the warming process of the air through the cavity. 
We notice an air layer in the middle of the channel which remains at the initial temperature. It would not 
have been the case if the cavity was thinner or if the roof was longer because the thermal boundary layer 
of the two plates would have made contact. 
The lower values of temperature were observed near the channel’s entry.  
The air velocity profile on every section of the cavity is parabolic, with zero values on both channel walls 
due to the no-slip boundary condition. Maximum speed is observed in the central area of the channel.  
We noticed a small area of air recirculation at the entry and at the exit of the channel. 
Similar profiles of temperature and velocity were obtained for every simulation. 
The convergence of numerical results was satisfied when the residuals of the different parameters and the 
mass flow rate become constant in each section (table 3). 
Table 3. Mass flow rate and residuals for the two cases
Case 1 
Mass flow rate Residuals
Case 2 
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Mass flow rate 
 
Residuals
 
To see the effect of turbulence model on our results, a second model was chosen. 
The model kRNG  has been tested and similar results were obtained. Some results are shown in 
table 4. 
 
Table 4. Results obtained by the two turbulence models 
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Velocity profile at the channel entry 
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Velocity profile at the channel exit 
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Temperature profile at the channel exit 
 
Figure 2 shows the variation of the thermosyphon mass flow rate for different opening sections, lengths, 
inclinations, and wall-to-ambient temperature differences. 
This is in good agreement with the results obtained by N. Chami et al., [1]. This validates our results. 
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Fig. 2. Comparison of the obtained mass flow rate with that of N. Chami et al, [1]. 
From this study, we also note, that the reduction of the temperature for the hot and the cold walls of the 
cavity decreases the airflow. 
The mass flow rate induced in the channel increases with the inclination and the channel length. The 
buoyancy-driven flow is more intense and therefore the air flow increases. 
As temperature difference between the cold wall and the ambient air decreases, the mass flow decreases.  
When changing the opening gap from 3 to 2 cm at the inlet and the exit of the air channel, the pressure 
drops become large therefore the mass flow rate decreases.  
From the numerical results, the mass flow induced in the channel is function of the following parameters: 
The dimensions, the inclination, the upper and lower wall temperature and the ambient air temperature.  
This study will be completed by taking into account the variation of the Nusselt number characterising the 
heat transfer in the channel. 
4. Conclusion 
A numerical study was conducted to determine the performance of a tilted thermosyphon under the tiles.  
A numerical model for the air channel was developed using the CFD Fluent code. 
Temperature and air velocity profiles are determined on channel cross-sections for two turbulent models. 
These profiles are parabolic and the results obtained are the same for the two models. 
Mass flow rate which is an important parameter in the channel performance was determined according to 
different parameters such as the inclination, the channel dimensions and the temperature difference 
between the cold wall and the ambient temperature.. 
The numerical results can be used to propose a correlation for the mass flow rate induced in the cavity. 
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